Experimental design, workflow chart, and layout of the RAP. a, A total of 3731 rice plants (533 accessions with 7 replicates) were grown in the greenhouse. Due to the growth periods, the 533 accessions were not synchronous, and to ensure that the inspection task at each growth stage was accomplished within approximately one month, not all rice accessions were inspected with RAP. A total of 423, 402, and 269 rice accessions at late tillering stage, late booting stage, and milk grain stage, respectively, were automatically (with RAP) and manually measured. After harvest, 2056 rice plants (514 accessions with 4 replicates) were threshed and then inspected with YTS to extract 9 yield-related traits. To evaluate the measurement accuracy of the YTS, 68 accessions (with 4 replicates) were randomly chosen and manually measured. b, As shown in the RAP workflow chart, the time consumption of rice transportation (T t ) and rice inspection (T i ) of each pot was 9 s and 21 s, respectively. Approximately 720 s (denoted by T E24 ) was required to complete the inspection of one group. The time interval required for the AGV to deliver the group to the conveyor (denoted by T G , approximately 1080 s) was longer than T E24 . Therefore, when continuously operated 24 hours per day, the total throughput of RAP was 80 groups, equivalent to 1920 pot-grown rice plants per day. c, Pot-grown rice plants (24 plants in each row) were placed on one cultivation trough, which was used for AGV lifting or laying down. There were two regions in the greenhouse, and each region contained 114 troughs; thus the capacity of the greenhouse was designed to hold 5472 pots. In addition to the 228 cultivation troughs, 2 AGVs, industrial conveyors with 80 m, and 1 inspection unit, there were two automatic daily irrigation devices. Once the irrigation time and frequency were set, according to the transport and inspection tasks, watering began automatically. to extract yellow part of the plant (ExG, ExR, and i2 are defined in Supplementary Note 1). A fixed threshold was applied to the ExG image to identify bright objects, and a fixed threshold was applied to the ExR image to identify dark objects. By applying an 'AND' operation to the two binary images, the green plant region was extracted, and the soil in the pot was not identified as plant material. Similarly, a fixed threshold was applied to the i2 component for image binarization. Due to the presence of undesirable spots in the binary image, a processing step was employed to remove small areas and regions with areas smaller than a predefined threshold. The union of the binary greenness image and binary yellowness image were computed to obtain the binary image of the plant, from which the projected area (A) and 25 morphological features were extracted. Using the binary plant image as the mask, the G component and intensity component of the plant were extracted. Similarly, the G component and the intensity component of plant greenness were extracted using the binary ExG image. In the end, G_g was computed from the G component and 6 histogram features were calculated from the intensity component. Supplementary Figure 3 Diagram of feature extraction and modeling for green leaf area, shoot fresh weight, and shoot dry weight prediction. One rice plant was horizontally rotated 360 degrees, during which the plant was photographed from 12 angles (one image every 30 degrees). After image analysis, 33 features, including projected area (A), 25 morphological features, and 7 texture features, were extracted for each plant.
(using area and 1 morphological feature as indicators), Model AT (using area and 1 texture feature as indicators), and Model ATM (using area, 1 morphological feature, and 1 texture feature as indicators), were selected. The adjusted R 2 , PRESS statistic, AIC, coefficient of determination (R 2 ), root mean squared error (RMSE), and mean absolute percentage error (MAPE) for the training set and testing set and the 5-fold cross-validation were used for further model comparison. Generally, the model with more predictors performed better. However, according to the principle of Occam's Razor, the model with fewer predictors was preferred for its simplicity and generalizability. In this research, the best model should meet the requirement that its performance is noticeably significantly better than that of the models with the fewest predictors.
Supplementary Figure 4 Genome-wide association studies of shoot fresh weight at three developmental stages using different phenotyping methods. Manhattan plots for shoot fresh weight at the late tillering stage (a), late booting stage (b), and milk grain stage (c) using the method of manual measurement (left), RAP measurement (middle), and raw measurement (right; the raw feature calculated by the projected area of the entire rice plant, which is easily extracted without modeling). For Manhattan plots, -log10 P values from a genome-wide scan were plotted against the position of the SNPs on each of the 12 chromosomes and the horizontal gray dashed line indicates the genome-wide suggestive threshold (P = 1.21×10 -6 ). Sample sizes are 
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Supplementary Note 1. Color component extraction
To enhance the plant region extraction, the image was transformed to an excessive green (ExG) image and an excessive red (ExR) image using:
ExG=2Ng-Nr-Nb (1) ExR=1.4Nr-Nb (2) where Ng, Nr, Nb was the normalized r, g, b component, defined by the Equation 3-5. R Nr= R+G+B (3) G Ng= R+G+B (4) B Nb= R+G+B (5) where R, G and B are the grayscale values for each RGB channel.
And i2 component was extracted using the following equation.
R-B i2= 2 (6) where R and B are the grayscale values for R, B channel. 
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Then the pixels was then categorized into 12 classes. Calculate number of pixels in each class, denoted as F(i) (i=1,2…12) . Relative frequencies(F 1~F12 ) was computed using the following equation.
 Mean gradient of the G image (G_g)
 The six histogram features, including the mean value (M), the standard error (SE), the third moment (MU3), the uniformity (U), the smoothness(S) and the entropy (E), were calculated using the following equations.
Where G i was the i-th graylevel, and p(G i ) was the probability of G i . L was the maximum gray level.
 Grain projected area (GPA): First the acquired gray-scale images were segmented to extract the rice grains from the background. Then the pixel number of each grain in the binary image was counted and regarded as grain projected area. Finally the GPA of the rice accession was defined by the average value of the projected area of each rice grain.
Supplementary Note 3. Lead SNPs linked to known genes
For plant height, the lead SNP 0138417696/4.4E-08 (SNP ID/P value) was approximately 33 kb away from Supplementary Tables 14   and 15 . Follow-up analysis based on gene annotation and expression data was required to investigate putative causal genes, and multiple methods, including resequencing, genetic transformation, mutant assay, and genetic linkage mapping, could be adopted to identify and validate causal variants underlying these loci.
Supplementary Note 5. Source of genotype information of the 533 accessions in our study
